Thirty~six gilts were used to evaluate three dietary Ca/P levels over a three parity period on reproductive performance. Diets formulated to contain 14% protein with total Ca/P levels of .65/.50, .80/.60 or .90/.70%, respectively, were provided during both gestation and lactation. In each group, 10 gilts were bred and two remained unbred with diets fed at 1.8 kg/d during gestation and ad libitum during lactation. Nongravid gilts were fed 1.8 kg daily during the trial. Blood samples were collected at 60 and 100 d postcoitum and both blood and milk samples at 14 and 28 d postpartum. From each lactation and each sow group, three pigs were killed at birth and six pigs at 14 and 28 d postpartum. The rib was collected for bone ash analyses with the rib, humerus and femur collected from the progeny and examined for histopathologic lesions during the second parity. After three reproductive cycles, four sows and two unbred females/group were sacrificed and bone ash determined on femur, humerus, rib and vertebrae. The results indicated no significant difference in any sow reproductive of litter performance measurement during gestation or lactation or in milk Ca and P concentration. lesions were presented in the progeny. Sow bone ash values at the end of three reproductive cycles suggested that bone demineralization from lactating animals occurred, but not uniformly for all bones. The rib, vertebrae and humerus demineralized at a greater rate than the femur. Bone ash values for reproducing sows fed the .90/.70% Ca/P treatment for three parities were similar to those of nongravid females, which were similar for all treatment groups. The results suggested an average daily intake of 50 to 55 g Ca and 40 g P to maintain bone homeostasis in lactating sows.
Introduction
There is concern among swine producers over leg soundness and posterior paralysis problems in reproducing sows. The onset of clinical symptoms generally occur during the last trimester, in late lactation or after regrouping of the sows following weaning (Itoh et al., 1967; Harmon et al., 1974) . Placing animals in dirt lots has been reported to improve overall leg soundess (Kornegay et al., 1973) , possibly because of increased exercise. Bone metabolism has been shown to be affected by exercise in the adult rat resulting in greater bone weight, thickness and mineral content (Bell et al., 1980) .
That clinical problems attributable to dietary Ca, P and(or) vitamin D would arise during these reproductive stages is understandable if the diet does not provide quantities adequate to meet the animals needs. Fetal bone development occurs primarily during the latter trimester (Hansard et al., 1966; Itoh et al., 1967) , demanding large mineral needs. A long lactation period and(or) high milk production also deplete body reservoirs of Ca and P (Harmon et al., 1974) . 285 This study was conducted to evaluate the effects of three dietary Ca/P levels provided during both gestation and lactation over a three parity period on performance and blood and bone traits of the sow and progeny.
Experimental Procedure
Thirty-six crossbred gilts approximately 6 mo of age were fed a 14% protein corn-soybean meal diet containing NRC (1979) levels of Ca and P until 30 d before breeding. At this time (approximately 8 mo of age) they were randomly allotted in groups of 12 to one of three treatment diets containing .65/. 50, .80/.60 or .90/.70% Ca/P. Treatment diets were formulated from corn and soybean meal to contain 14% protein. Dicalcium phosphate and limestone were the inorganic mineral sources with the amount of the former varied to provide the intended total concentrations of Ca and P at the expense of corn (table 1) . Each group was fed their treatment diet during both phases of reproduction, at 1.82 kg daily during gestation and ad libitum, after an initial adjustment period, postpartum.
Samples of each feed mixture were collected and analyzed for Ca by atomic absorption spectrophotometry and P by colorimetric procedures outlined by AOAC (1970) .
Initially 10 gilts in each group were bred while two remained unbred. The study was conducted at the Western Branch Station (South Charleston, OH), with animals grouped by treatment but fed their gestation diet in individual stalls once daily. Animals were housed in an open-fronted, concrete-floored gestation facility but in individual farrowing pens during lactation. Six bred animals/group were bled at approximately 60 and 100 d postcoitum with serum collected and frozen for later Ca, P and Mg analyses.
Sow and litter measurements were collected at parturition and 14 and 28 d postpartum. At parturition, three randomly selected pigs from each sow group were killed before nursing, with a fifth and sixth rib collected for bone ash measurements. At both 14 and 28 d, four sows/group were bled via the vena cava, with serum collected for Ca, P and Mg determinations. A 50-ml milk sample was collected at the same time from each sow after oxytocin administration and analyzed for Ca and P. A total of six pigs (two/litter) from each sow group in each parity were bled and killed at 14 and 28 d postpartum, and the fifth and sixth ribs collected for bone ash determinations. During the second parity the femur, humerus and fifth and sixth ribs were collected from the progeny of each sow group and examined for histopathologic lesions. At weaning, sows were placed in their respective gestation pens with rebreeding attempted during the second postweaning estrus. Sows were continued on trial for a total of three reproductive cycles. The unbred females remained on trial for the duration of the experiment.
After three parities, four sows that had successfully completed each reproductive cycle were selected at weaning (28-d) from each group. These sows and the two nongravid females from each group were slaughtered at The Ohio State University Meat Laboratory (Columbus). The humerus, femur, fifth and sixth ribs and the vertebrae attached to these ribs were collected for bone ash determination.
Sow and pig serum Ca and Mg were determined by atomic absorption spectrophotometry and inorganic serum P by the method outlined by Sigma Chemical 6. Each bone analyzed for ash was manually cleaned of residue after immersion in boiling water. Sow femur and humerus bones were cut longitudinally with one-half used for ash determination. All bones were dried for 24 h (100 C) and ashed in a muffle furnace at 600 C. Ash was expressed as a percentage of dried, fat-free bone.
Histologic examination of progeny bones was made after they were sectioned longitudinally and fixed in 10% phosphate buffered formalin, decalcified in formic acid, embedded in paraffin and sectioned at 6/am.
The data were analyzed by the least-squares method of Harvey (1960) . No treatment interaction response was evident; hence the main effects of dietary Ca/P and parity are presented.
Results and Discussion
Sow and Pig Performance. The main effects of the three Ca/P levels and parity responses reported in table 2 indicate that the percentage of sows farrowing did not differ by treatment or parity.
Sow weights at breeding, 110 d postcoitum, parturition or weaning were similar at the various Ca/P levels. There was an expected weight increase by parity at each of the reproductive stages, attributed largely to increased animal maturity, but no interaction between diet variable and parity was evident. Others have also reported no difference in dam gestation weight gains when various Ca and(or) P levels have been provided to reproducing female swine (Kornegay et al., 1973; Harmon et al., 1975;  e Tech Bull. No. 670. Sigma Chemical Co., St.
Louis, MO. Adam and Shearer, 1977; McCrea et al., 1979) .
Sow feed intake during gestation was restricted to 1.82 kg daily, but when provided ad libitum during lactation, there was no difference attributable to sow dietary treatment. There was an increase (P<.01) when the .80/.60% mineral level was provided, but a decline at the next higher level, implying no biological response to mineral level per se.
Litter and pig weights at birth or weaning (28 d) were not influenced by sow mineral level. There was a slight tendency (P<.lS) toward a lower number of pigs born at the lower Ca/P level but the trend does not appear to be substantiated by the results of other researchers (Kornegay et al., 1973; Harmon et al., 1974; Adam and Shearer, 1977) . There was an expected parity effect on the number of pigs born, litter birth and weaning weight and number of pigs weaned, but again no interaction was evident between treatment and parity.
These results indicate that conventional reproduction measurements in the sow or progeny were not influenced by the dietary mineral level imposed on the sows.
Sow Serum, Milk and Bone Analyses. Serum
Ca, P and Mg levels did not differ by dietary treatment at either 60 or 100 d postcoitum, but an effect by parity was present (table 3). Serum P concentration was lower (P<.05) at 100 d postcoitum of parity II and III than at 60 d, possibly reflecting a greater fetal drain on sow reservoirs during later pregnancy due to larger litter sizes during these reproductive cycles. Serum P and Mg appeared to be more variable than Ca levels.
During lactation, there was much fluctuation in serum mineral concentrations. Serum Ca was higher at 14 but not 28 d postpartum at the lower dietary Ca/P level, implying bone demineralization was occurring. Although significant differences in serum levels resulted at various lactation stages, it appears that with the variable sow feed intake, accurate interpretation of these serum responses is difficult.
Sow milk analyses were similar at each stage of lactation at each dietary mineral level and parity, with milk mineral concentrations being higher from the 14 to 28 d period. These milk concentration results are similar to those reported by Perrin (1955) and Harmon et al. (1974 Harmon et al. ( , 1975 for the two stages of lactation discussed herein. Harmon et al. (1974 Harmon et al. ( , 1975 also reported no difference in milk mineral concentration with various Ca or P treatments, and their data, along with those from this study, suggest that homeostatic mechanisms are important in maintaining the same consistency of milk mineral concentrations, particularly when the diet is not severely deficient.
After three parities, females of both reproductive stages were slaughtered and bones collected for ash determination. In addition to the unbred females, two females on the lower Ca/P level that had failed to conceive during parity III, but had been fed their respective gestation diet, were also slaughtered and bone tissue collected. The ash values for these latter two sows were similar to those for the unbred females on this treatment and were included with the data. The three dietary mineral treatments did not appear to influence the bone mineral content of the skeleton of nongravid females but did influence those that had lactated (table 4). The effect of lactation on these sows was not uniform for all bones. The humerus, rib and vertebrae appeared to be demineralized and influenced by sow dietary mineral level fed, whereas the femur was not. Nongravid animals had similar bone ash values for all bones evaluated across treatments, implying that the lower level was adequate for skeletal maintenance with excess minerals excreted and not stored in bone reservoirs. Harmon et al. (1974) also indicated that bone and blood values demonstrated treatment differences when various P levels were fed to reproducing sows, whereas performance measurements did not.
The femur was apparently not demineralized during lactation, as were the other bones, indicating preferential sites for bone demineralization. That the femur can in fact be demineralized when dietary minerals are inadequate is suggested by the studies of Kornegay et al. (1973) and Harmon et al. (1974 Harmon et al. ( , 1975 , in which the femur broke upon stress. The bone ash from lactating sows fed the .90/.70% Ca/P level was similar to the ash content of the nongravid females, suggesting that this mineral level was necessary to maintain bone mineral homeostasis. It should also be noted that lactation feed intakes were higher in this study than in the studies of Kornegay et al. (1973) and Harmon et al. (1974 Harmon et al. ( , 1975 . Even with the greater mineral intakes of this study, the lower mineral levels were still inadequate to meet the animal's requirements, as evaluated by bone mineral content. When the mineral intake was quantified from feed compositional and lactation intake data, the Ca/P l'ntake averaged 36/28, 52/39 and 54/42 daily for the three respective treatments. These results suggest that approximately 50 to 55 g Ca and 40 g P are needed by lactating sows to maintain bone homeostasis.
Clinical observations at our station of skeletal unsoundness in reproducing female swine generally have shown an initial weakening of the pasterns of the forelegs, often followed by posterior paralysis. Apparently, the vertebrae become demineralized to the point that they cannot support the increased weight of pregnancy and(or) lactational milk production, resuiting in the vertebrae becoming dislocated by bDietary mineral quadratic response (P<.01).
Cparity quadratic response (P<.01).
dserum Ca, P and Mg are expressed in mg/lO0 ml.
or 28 d postpartum or on serum Ca, P or Mg (table 5) . Because Ca and P composition of milk from the sow did not differ between treatments, no such effects on the progeny would be expected posmatally. There was a decrease in pig rib bone ash from parturition to 14 d (P<.01) followed by an increase to 28 d of age. This measurement was not influenced by sow treatment but apparently was affected by pig age. Histologic examination of the femur, humerus and rib in the progeny indicated no pathological abnormality in bone tissue development at either 14 or 28 d of age.
There was an effect of parity on rib bone ash at birth with values lowest for those pigs of parity II, which coincides with the greatest number of pigs born. These lower rib ash values may have been a reflection of an inadequate maternal supply of minerals with larger litter size; however, the treatment by parity interaction was not significant. Progeny serum Ca, P and Mg values varied by parity, with Ca levels generally being higher for pigs from the more mature sows. Mg levels were lower at 28 than at 14 d postpartum.
The sow and progeny results suggest that the dam provides a buffer of Ca and P in the milk for the nursing pig and that piglet skeletal abnormalities attributable to sow mineral inadequacies will generally not occur during lactation.
